in the general U.S. population do not meet these recommended guidelines. 6 In the majority of studies that have examined physical activity in adults with ID, PA guidelines have also not been met. 7, [11] [12] [13] Furthermore, in a review of 14 articles, Temple and colleagues reported a range of only 17.5%-33% adults with ID meet the recommended amount of PA. 11 Variations in the study methods to measure PA, including self-report, proxyreport, pedometers, and accelerometers, account for this range. 11 In addition, the lack of appropriately powered representative samples, validated PA questionnaires, and the accuracy of responses have also contributed to substantial variation and potential bias in the characterization of PA in adults with ID. 11 Obesity risk and prevalence has been linked with a lack of physical activity (PA) in both the general population and in individuals with ID. 12 Studies have shown lower BMI among individuals with higher levels of PA and fitness. 5, 13 Data from the National Health Interview Survey (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) revealed that 35% of adults with ID are obese and an additional 29% are overweight compared with 20% and 34% in adults without ID, respectively. 8 In other studies, adults with ID were more likely to be obese when compared with nondisabled adults. 9, 14 Given the complexity of characterizing PA, many tools, subjective and objective, have been developed to measure PA in populations. Studies in adults with ID have used many of these methods including self-report and proxy reports, [15] [16] [17] [18] direct observation, 19 pedometers [20] [21] [22] and accelerometers. 10, 19, 23 The use of self-report One of the overarching goals of Healthy People 2020 is to reduce health disparities and improve health among all population subgroups. 1 Adults with disabilities are the largest minority population in the United States, with 1 in 5 adults reporting a disability and 1 in 14 adults over 15 years of age reporting an intellectual disability. 2 Intellectual disabilities (ID) are characterized by significant limitations both in intellectual functioning and in adaptive behavior, which covers many everyday social and practical skills. 3, 4 Causal factors for ID can be genetic (chromosomal or hereditary disorders/factors), such as in Down syndrome, acquired (congenital and developmental) in fetal alcohol syndrome and infection, or a cluster of contributing social factors, such as poverty. 3 Physical activity (PA) is an important factor in improving health outcomes and associated with reduced risk of heart disease, stroke, hypertension, cancer, diabetes, and obesity. 5 According to current National Physical Activity Guidelines, all adults should receive 150 minutes of moderate-to-vigorous PA (MVPA) per week. 1 However, the 2009 Behavioral Risk Factor Surveillance Survey (BRFSS) reports that 49% of adults and proxy report questionnaires to capture PA in adults with ID has been used more than any other method. 11 Self-report provides contextual information such as the type and location of activities that may be important for promoting physical activity. However, the use of questionnaires in this population presents many issues related to comprehension and recall by the participants and possibly overestimation of activity by proxy (ie, care providers). 11, 24 In addition, most questionnaires used to measure PA in adults with ID, have not been properly validated in this population group. 11, 25 In contrast, accelerometry has provided a multidimensional, objective measure of PA compared with self-report or proxy surveys and other methods. However, the studies using accelerometers in this population have had small sample sizes, making generalizations to larger ID populations difficult. For example, Frey is one of the only studies 13 to use accelerometry in adults with ID. With a small sample size of 22 individuals with ID and 26 controls (individuals without ID), Frey found that adults with ID averaged 20 minutes of MVPA per day compared with 56 minutes in active adults without ID. 10 Two other studies by Temple and colleagues have also used accelerometry to characterize PA in adults with ID with small sample sizes of 6 and 37, respectively. 19, 23 Given the options, it has been suggested that a combination of subjective and objective measures is best to describe PA, however, only a small number of studies have used multiple measures adults with ID. [19] [20] [21] 26 The purpose of this study is to describe physical activity using 2 methods, accelerometry and a self-report questionnaire, along with objectively measured BMI in a large sample of adults with ID. Our primary hypothesis is adults with less physical activity, either self-report or accelerometry, will have greater BMI. In addition, we hypothesized that, consistent with other studies in the literature, 7, 15, 18, 27 older adults with ID and those individuals living with family or alone, will have lower levels of PA and higher BMI compared with younger adults and individuals living in supervised homes, respectively. It is also expected that adults with ID who self-report participating in physical activities will have lower BMI and higher levels of objectively measured PA (MVPA). However, due to limited project and staffing resources we did not attempt to cross-validate self-report physical activities and PA measured by accelerometry because PA data by the 2 methods was not collected concurrently.
Methods
This study received full Board approval by the University of South Carolina Institutional Review Board. The participants were adults with ID, age 18-65 years, recruited through a network of community disability agencies in South Carolina, North Carolina, and Georgia between January 2007 and August 2009. Local disability agencies provide residential, day services, including supported employment, and family support services to individuals with ID and their families. Staff members of the agencies asked individuals with ID who lived in the community if they were interested in participating in a health education program that included PA and nutrition instruction. Individuals were eligible for participation if they were 18-65 years of age, have agency staff report mild to moderate ID, were ambulatory, were not underweight (BMI < 18.5), and did not have any serious medical conditions, were able to comprehend and communicate verbally, and were able to give informed consent.
Study participants were classified as having ID by criteria established by the state agencies. These criteria included tests of adaptive functioning and intelligence testing, administered by a licensed psychologist. Once individuals agreed to be recruited and were considered eligible for participation the informed consent process was initiated. The local disability agency staff knew which eligible individuals had legal guardians and all legal guardians were asked to participate in the consent process. If the individual did not have a legal guardian they were able to sign the informed consent, however family members and staff active in the individual's circle of support were notified that the individual chose to participate in the study.
Since data collection involved asking each participant questions regarding demographic characteristics and self reported activities each individual was administered the Short Portable Mental Status Questionnaire (SPMSQ) to determine their ability to comprehend the interview questions and the content of the intervention. The SPMSQ was developed to be a brief, clinically useful tool to assess cognitive function and consists of 10 questions that assess the individual's orientation, memory and cognitive function. 28 The SPMSQ has a test-retest reliability of (0.82) at 4 weeks. 28 Participants were eligible if they were able to answer at least 3 of 10 questions correctly. The SPMSQ was used as an assessment of cognitive ability because no other brief, easily usable scale was found in the literature.
A cutoff of 7 errors on the SPMSQ was selected based on Pfeiffer's original development of the SPMSQ as the cutoff identifying those with severe mental impairment. Studies with dementia patients have used more conservative criteria of 6 errors. The cutoff of 7 wrong answers allowed us to capture the majority of people who live in group homes for adults with ID. During pretesting we determined the dementia standard would eliminate adults with ID who were verbal and able to learn through demonstration and repetition. We found 3 correct responses were a more specific criteria for our target group. A total of 602 individuals were screened and 140 (23.3%) were not eligible due to low scores on the SPMSQ. An additional 19 individuals decided to not participate in the study beyond this point.
Measurement assessments were obtained from 443 individuals in whom 426 individuals met inclusion criterion. Seventeen individuals had serious medical conditions, including physician diagnosed heart and/or respiratory conditions, which prevented intense activity, and thus these individuals were excluded. For the purpose of this analysis, the number of participants was further reduced to 294 individuals with complete BMI and self reported activity data. For the objectively measured PA we only included a subset of 131 with complete accelerometry data.
Trained research staff obtained demographic information from local agency staff and verified this information with the participants. All questionnaires were administered verbally to the participants to accommodate literacy limitations or misinterpretations. Research staff training included reading, individual discussion about challenges and solutions, hands-on experience using paid actors with ID, and supervised field training. Assessments were completed in duplicate, discrepancies were discussed and training sessions continued until interrater reliability reached at least 80%.
Demographic and Anthropometric Measures
Demographic information included age, sex, race, and housing type. Weight was measured to the nearest 0.5 kg with participants dressed in lightweight clothing without shoes using a Seca 880 model scale. Height was measured to the nearest 0.5 cm using a portable Shorr heightboard. All measurements were taken in duplicate, and if the measurements differed by more than 1 kg or 1 cm, respectively, the measurements were repeated. BMI (kg/m 2 ) was calculated and categorized using National Institutes of Health guidelines from the mean height and weight recorded. 29
Physical Activity Measurements
Physical activity was objectively measured over 7 days using Actigraph accelerometers (Actigraph Inc, Shalimar, FL) worn at the waist. Participants were given accelerometers at an initial visit and instructed to wear them at the waist daily when awake. Accelerometers were collected at a second visit that occurred 7 or more days later. Accelerometer data were downloaded using software provided by Actigraph. Participants were excluded if they did not have 4 days of valid wear time, including at least 1 weekend day, for at least 8 hours per day [30] [31] [32] during the first 7 days of possessing the accelerometer. Counts of minutes of moderate-intensity physical activity were calculated using modified Freedson cut-points. 33, 34 At the second visit, accelerometers were collected and trained staff administered the Physical Activity Checklist Interview (PACI). The PACI is an interviewadministered instrument to assess the previous day recall of 24 activities related to PA and has been shown to be correlated with heart rate index (r = .51) and accelerometry (r = .33). 35 We intended to use the questionnaire was to use the PACI questions as a proxy of PA, not to quantify physical activity levels. The self report activity and accelerometry were not recorded concurrently. For the activities of walking, jogging, or running, research staff emphasized to participants that these activities were only included if they were for sustained periods during exercise and/or play. During training, assessments were repeated until interrater reliabilities of the research staff was at least 80%.
Statistical Analysis
Demographic (age, sex, race, BMI, and housing status) and self-report activity data were complete and available for all 294 adults participating in the study. Of the 294 participants, only 131 individuals had complete accelerometry data. One hundred sixty-three individuals had incomplete data based on established criteria.
Differences in BMI and objectively PA by demographic factors and activity types were tested using t and Chi-square tests. A series of linear regression models and analysis of covariance (ANCOVA), were used to evaluate the effect each individual activity had on BMI and accelerometer measured PA (MVPA) before and after adjustment for age and sex. All statistical analyses were performed using SAS 9.2 (Cary, NC).
Results
Demographic characteristics did not significantly differ between the total sample (n = 294), those with complete accelerometer data (n = 131), or those individuals with incomplete accelerometer data as shown in Table 1 . Using the total sample, the mean age was 37.8 years. The majority of participants were non-Hispanic Black (58.8%), approximately half were female (51.7%), and 41.8% lived in group homes. The mean BMI was 33.0 kg/ m 2 (SD = 8.8) and 79.6% of individuals were overweight or obese. Females had significantly higher BMI and lower PA levels than males and younger participants had higher levels of PA (P = 0.0047; Table 2 ). There were no other significant differences in BMI or MVPA by other demographic characteristics. The inverse correlation between MVPA and BMI was small and nonsignificant (r = -0.15, P = 0.1125).
Self-Reported Physical Activities
On average, individuals reported participating in 1.6 (SD = 1.5) activities in the previous 24 hours. Using the total sample, the most common activity reported was walking (53.7%) followed by inside chores (42.5%). In our results we only present activities that were nonzero responses (ie, activities in which there were actually participants that had a "yes" response). All nonzero activity types are listed in Table 3 . Twenty-six percent of participants reported no activities in the past 24 hours. No significant difference in activity was observed when comparing individuals with complete and incomplete accelerometry.
There were significant differences in BMI (n = 294) by activity reported in the past 24 hours in unadjusted or adjusted models. Specifically, those individuals that reported participating in biking, jogging/running, basketball, and outside chores had significantly lower BMI compared with those who did not report these activities in unadjusted models. However, basketball and outside chores are not significantly associated with BMI when adjusting for age and sex (Table 4) .
Accelerometry
Based on accelerometry, 23.7% of participants (n = 131) met current PA recommendations of 150 minutes of MVPA per week. However, the mean for all participants with complete accelerometry was 108.6 (SD = 114.4) minutes of MVPA per week. Overweight or obese individuals had significantly lower weekly MVPA (P = 0.0256) and averaged 97.6 (SD = 81.5) minutes of weekly MVPA compared with 153.3 (SD = 194.5) minutes in nonoverweight/obese participants.
The number of activities reported had a small but significant correlation with accelerometry (r = .28, P = 0.001) and inversely with BMI (r = -0.15, P = 0.008). As for accelerometry, those who reported exercise, basketball, softball, and outside chores had significantly more minutes of MVPA than those who did not report these activities in separate unadjusted ANCOVA analyses. When adjusting for the covariates age and sex, exercise was no longer significant with MVPA (Table 5) .
Discussion
While obesity is a major health concern, physical inactivity is a separate risk factor and some research argues it has more significant health consequences. 36 The overweight and obese participants in this sample were less physically active than their normal BMI weight peers, further adding Note. Data are presented as mean (SD). t tests and Chi-square tests used to evaluate differences between groups.
* P-value < 0.05 indicates significance.
Abbreviations: SD, standard deviation; MVPA, moderate-to-vigorous physical activity. to their health risks. This sample of adults with ID had a prevalence of overweight and obesity of 79.6%. This percentage is higher than the reported 63.5% found in a national sample of community-dwelling adults with ID in 2005. 8 This may be due to changes over time, with the increasing proportion of people who are overweight and obese, but most likely it is due to selection bias in which fewer low weight individuals enrolled in our study. Thus, we may not have a representative sample of adults with ID when it comes to obesity status. It should be pointed out that we excluded only 3 people who were underweight, so this exclusion in itself should not have substantially impact the prevalence of overweight and obesity. Less than a quarter of participants met current physical activity recommendations of 150 minutes per week, which is less than the recent 43.5% of adults self-reporting meeting these recommendations in another study. 37 Previous studies with accelerometers in adults with intellectual disabilities have had samples too small to make valid population estimates, however, in their review, Temple and colleagues found that the proportion of adults with ID with at least 30 minutes of MVPA for at least 5 days a week ranged from 17.5%-33% among studies. 11 Using pedometers, Peterson et al found 14.1% of adults with ID to meet recommendations of 10,000 steps per day. 20 Our findings are consistent with these previous studies.
Adults living with ID may experience unique barriers to physical activity that are necessary to consider when interpreting these results. Barriers include financial constraints, limited geographical access (ie, transport to activities), community or home environment, and lack of facilities or equipment. 38 In addition, lack of knowledge concerning the importance of PA as it relates to health can be an issue. In this paper, we did not specifically address barriers to PA; however, our analyses of PA by demographic characteristics may provide some context in which to interpret our findings. In our analyses, we found a significant relationship between age and MVPA with older individuals having a much lower mean MVPA compared with younger adults. Previous studies have found that females with ID are more than twice as likely to be obese than are males. 27 We also found a significant difference in BMI between women and men for our population with females having a BMI higher than men. As for MVPA, males had a significant higher MVPA than females. There was no significant difference between BMI or MVPA when comparing individuals by housing Note. Descriptive data are presented as mean, n, and percentage. ANCOVA accounts for each activity type separately adjusted for age and sex.
* P-value < 0.05 indicates significance. Note. Descriptive data are presented as mean, n, and percentage. ANCOVA accounts for each activity type separately adjusted for age and sex.
Abbreviations: MVPA, moderate-to-vigorous physical activity.
status. This is a different from Rimmer and colleagues, who found that the obesity prevalence increases with less restrictive living arrangements. 27 In addition, it has been reported that individuals living with family or in supported living arrangements are less physically active when compared with their peers in more restrictive settings. 7, 15, 18 In our study, a quarter of participants reported no physical activities in the past 24 hours. It is of particular concern that not even light activities (chores or walking) were reported by some of the participants. Walking was the most common PA reported by adults with ID consistent with previous findings. 9, 10, 17 In the literature, major types of physical activities most reported by individuals with ID include walking, cycling, chores and work, dancing, and Special Olympics. 25 As expected, those who reported participation in activities in the past 24 hours had higher MVPA, but after adjustment, only those reporting basketball, softball, and outside chores had significantly higher MVPA levels. While this association does not necessarily indicate a causal relationship, these activities could be considered to promote PA and a healthy weight.
A major strength of this study is that it is one of the largest samples to use accelerometry to measure physical activity in adults with ID. The additional use of self-report provided additional contextual information and a more complete description of the construct of physical activity in this population.
Given these strengths, there are also limitations. This study started with a sample of 294 individuals with completed self-report activity, however only 131 individuals had complete accelerometry data. While attrition is expected, the large amount of incomplete data is evidence of the unique difficulty of measuring PA in this population without additional resources (ie, staffing, equipment, incentives, etc). We learned that many adults with ID were not persuaded when staff attempted to explain that the information we learn could help others in the future. A number of participants felt the accelerometers were cumbersome and were not motivated to wear them consistently. And a $5.00 incentive provided appeared to be insufficient to adequately promote accelerometer wear. There was also significant variation in accelerometer wear time, for those who agreed to wear an accelerometer. To account for large interindividual variation in wear-time, a MVPA rate was considered. A calculated PA rate improved our ability to retain data, however, the rate was highly correlated with total minutes of MVPA (r = .88). We decided to use MVPA (minutes/ week) as our measure since this has been the standard practice in PA research. In addition, we wanted to focus on recommended PA guidelines, which are based on minutes of MVPA per week.
Other measurement concerns in this population include the lack of specific, valid accelerometry cutpoints. 39 We used cut-points validated in general population adults, consistent with previous studies in adults with ID. 10, 19 Recent evidence, however, suggests that adults with ID may have higher energy expenditure during exercise. 35 Future studies using accelerometry with adults with ID should establish appropriate validation criteria.
Self-report is a limitation with all studies; however it is not known whether individuals with ID are more likely to under or over-report health behaviors. Research using self-report about health and emotional issues indicate self-report by adults with ID is usually reliable when it is compared with caregiver report. In addition, when a variety of standardized instruments were used to measure self-report of stress and anxiety for adults with mild and moderate ID the internal consistency, test-retest reliability, sensitivity, and specificity were high. [40] [41] [42] As pointed out by Finlay and Lyons, validity of self-report questionnaires clearly is needed to combat specific problems that arise with respect to item content, question phrasing, response format, and other psychometric properties. 24 Participants in this study had elected to participate in a future health promotion study. This may have led to selection bias resulting from health conscious or overweight adults agreeing to participate. Individuals who were underweight (BMI < 18.5) as well as those who are less health conscious were possibly excluded. Therefore, it is not valid to compare prevalence of obesity and overweight in our sample to the reported 63.5% in a national sample of community-dwelling adults with ID. 8 The inclusion of 2 types of PA measures was not intended to validate the self-report measure in this population, as PA from the self-report was not quantified and the time frame for self-reported PA and accelerometry did not necessarily overlap. Due to the time and logistical demands of traveling throughout the study areas to collect accelerometers and obtain self reported information from participants about PA, we were unable to ensure that the timing of completion of the PACI overlapped with the time frame for accelerometer data collection. Future studies are needed to concurrently validate these measures in this population. Despite the lack of consistently overlapping time frames for accelerometer wear and PACI completion, we did find that participants who reported more activities had higher objectively measured MVPA, though the correlation was fairly weak.
The PACI was limited to a 24 hour recall which may not accurately capture regular participation in sports activities. Research staff reported anecdotally that some participants recalled participating in sports more than 24 hours ago, but this participation was not included due to our a priori decision to use the 24 hour recall measure. During data collection, interviewers noted a large percentage of the population participates in weekly, organized Special Olympics activities that usually occur on Saturdays, and that these activities were not captured because the interviews occurred on weekdays. Thus, many activities had zero "yes" responses. Zero response activities included bowling, golf, fishing, volleyball, horseback riding, martial arts, skating/skiing, stair stepper, and soccer.
A limit to the generalizability of our study is that we recruited participants with mild and moderate ID and those with severe and profound ID were excluded. Obesity levels may be greater in adults with mild ID 43 and PA levels are expected to be lower as ID severity increases. 11 Therefore, our findings should not be generalized to individuals with severe or profound ID. A final limitation in our study is the issue of unmeasured confounding. BMI is composed of several behaviors in addition to PA that were not measured, including dietary intake. It has been found that individuals with ID tend to consume diets that are high in fat and low in fruit and vegetables. [44] [45] [46] In summary, we found that PA was below national averages and overweight and obesity were highly prevalent in this sample of adults with ID. Adaptive PA interventions are needed to increase the health and quality of life in this population. Moreover, supports for adults with ID should include sustainable, low cost PA programs that minimize barriers of cost, transportation, and complexity whether individuals are living at home or in a supervised residential setting. 47 Besides limiting barriers, they must also have social support of family or staff to maintain a physically active lifestyle. 38 
